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(57) ABSTRACT

A surgical mstrument alignment guide comprising a mount
(2) arranged to be coupled to a bone of a patient, an
alignment rod (4), a guide rod (24) and an indicator (26). The
alignment rod (4) has a first end pivotally coupled to the
mount (2) such that the inclination of the alignment rod (4)
relative to the mount (2) 1s adjustable. The guide rod (24) 1s
couplable to a second end of the alignment rod (4) at an
adjustable angle and orientation such that the guide rod (24)
can extend transverse to the alignment rod (4). The indicator
(26) 1s coupled to the guide rod (24) to indicate when the
guide rod (24) lies at a desired angle relative to a horizontal
axis. Also disclosed 1s a method of aligning a surgical
instrument using the surgical instrument alignment guide.
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1
ALIGNMENT GUIDE

CROSS REFERENCE TO RELATED
APPLICATION

The present application 1s a divisional of U.S. application
Ser. No. 13/318,483 filed Apr. 29, 2010, which 1s a National
Stage 35 U.S.C. 371 of International Patent Application
PCT/GB2010/050710 filed Apr. 29, 2010, claiming priority
to United Kingdom Application No. GB 0907650.6 (now 10
abandoned), both of which are incorporated by reference 1n
their entireties.

The present invention relates to an alignment guide. In
particular, the present invention relates to an alignment
guide for aligning an instrument, more particularly a surgical 15
instrument.

During surgical procedures 1t 1s commonly necessary to
accurately locate prostheses and instruments. For instance,
during implantation of an acetabular cup nto a pelvis, 1t 1s
important to ensure that the cup 1s accurately located within 20
a reamed cavity. Typically, such a procedure requires a
number of separate instruments to be used. It 1s important to
ensure that the alignment determined for the cup during
initial surgical steps 1s maintained during later surgical steps.
For istance, position of the cup may be initially determined 25
The cavity must then be reamed. It 1s important that the
desired version angle and inclination (that 1s, the varus-
valgus angle) of the cup 1s maintained during the reaming by
ensuring that the reamer 1s aligned correctly relative to the
instruments used to determine the initial position of the cup 30
to ensure that the cavity 1s correctly located. Additionally, it
1s 1mportant to either detect that the patient’s pelvis has
moved during the surgical procedure, or to ensure that the
alignment of the acetabular cup has also shifted by a
corresponding amount. 35

Inclination and version guides are widely used during
total hup arthroplasty to assist 1n aligning the acetabular cup.
Separate guides may be provided for inclination and version
angle. Alternatively, a combined guide may be provided.
One known form of combined alignment guide enables the 40
position of the acetabular cup to be set at an angle relative
to the floor of the operating room and the long axis of the
patient. However, such an alignment takes no account of
movement of the patient on the operating table during
surgery. Regardless of changes 1n the patient’s position, the 45
alignment guide indicates the same orientation of the
acetabular cup. Consequently, either the patient must be
maintained 1n a strictly lateral position or the surgeon must
be alert to spotting changes in the desired cup position
caused by the patient moving. 50

An alternative acetabular cup alignment guide, which 1s
commercially available from San-Tech Surgical Sarl and
described in PCT publication WO-2005/009303, uses a pair
of spirit levels. A first spirit level 1s coupled to the patient’s
pelvis to indicate if the patient’s position has changed. A 55
second spirit level 1s coupled to the surgical istrument.
Changes 1n inclination of the instrument can be detected by
a shift within the second spirit level. Changes 1n the version
angle are detected by referring to the relative position of the
first spirit level and a wire arm which extends from the 60
second spirit level. Whilst oflering improved accuracy, such
an alignment guide 1s relative diflicult to use as 1t comprises
multiple separate components and requires multiple mea-
surement steps.

It 1s an object of embodiments of the present invention to 65
obviate or mitigate one or more of the problems associated
with the prior art, whether i1dentified herein or elsewhere.

2

According to a first aspect of the present invention there
1s provided a surgical instrument alignment guide compris-
ing: a mount arranged to be coupled to a bone of a patient;
an alignment rod having a first end pivotally coupled to the
mount such that the inclination of the alignment rod relative
to the mount 1s adjustable; a guide rod couplable to a second
end of the alignment rod at an adjustable angle and orien-
tation such that the guide rod can extend transverse to the
alignment rod; and an i1ndicator coupled to the guide rod to
indicate when the guide rod lies at a desired angle relative
to a horizontal axis.

An advantage of the first aspect of the present mnvention
1s that the alignment guide may be used to indicate a desired
alignment of a prosthetic implant such as an acetabular cup.
The position information, in particular the required varus-
valgus angle and the version angle, 1s then preserved during
the surgical procedure, even in the event that the patient’s
position on the operating table changes. Furthermore the
alignment guide can be positioned and set prior to dislocat-
ing the patient’s joint so that the alignment can be set to the
patient’s natural anatomy. The alignment guide assists the
surgeon 1n visualising the required angles at each stage of
the surgical procedure.

The mount may comprise a bore arranged to receive a
guide pin protruding from the bone.

The alignment rod may be arranged to pi1vot relative to the
mount 1 any direction about a mount axis which passes
through the pivot point into the bone. The angle subtended
between the mount axis and the alignment rod may be
adjustable between 0° and 60°.

The first end of the alignment rod may comprise a
partially spherical portion and the mount may comprise a
corresponding concave surface arranged to receive the par-
tially spherical portion.

The surgical instrument alignment guide may further
comprise a locking sleeve disposed about the mount having
an internal screw thread arranged to mate with an exterior
screw thread on the surface of the mount, the locking sleeve
turther comprising an aperture through which the alignment
rod extends the aperture having a diameter smaller than that
of the partially spherical portion such that the partially
spherical portion 1s arranged to bear against the concave
surface of the mount when the locking sleeve 1s rotated 1n a
first direction relative to the mount.

The surgical instrument alignment guide may further
comprise an intermediate component rotatably coupled to
the mount and coupled to the alignment rod via a hinge.

The surgical nstrument alignment guide may further
comprise a sleeve positioned over the intermediate compo-
nent, the sleeve having an elongate slot through which the
alignment rod can pivot and a locking sleeve disposed about
the alignment rod, the locking sleeve having an internal
screw thread arranged to mate with an exterior screw thread
on the surface of the alignment rod, the locking sleeve being
arranged to bear against the sleeve about the intermediate
component when the locking sleeve 1s rotated in a first
direction relative to the alignment rod.

The indicator may comprise a spirit level coupled to the
guide rod to indicate when the guide rod lies in a horizontal
plane.

According to a second aspect of the present mvention
there 1s provided a method of aligming a surgical instrument,
the method comprising: inserting a guide pin 1to a bone of
a patient such that the guide pin protrudes from the bone;
coupling a surgical instrument alignment guide to the guide
pin, the alignment guide comprising a mount having a bore
arranged to recerve the protruding portion of the guide pin
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and an alignment rod having a first end pivotally coupled to
the mount; coupling a guide rod to a second end of the
alignment rod; adjusting the angle and orientation of the
guide rod relative to the alignment rod until 1t 1s at a
predetermined angle and orientation and the guide rod
extends transverse to the alignment rod; adjusting the incli-
nation and orientation of the alignment rod relative to the
mount until the alignment rod extends from the bone such
that 1t indicates a desired 1nstrument orientation relative to
the bone, the guide rod extends at a predetermined angle
relative to a long axis of the patient and an indicator coupled
to the guide rod indicates that the guide rod lies at a desired
angle relative to a horizontal axis; and aligning a surgical
instrument such that a longitudinal mstrument axis 1s par-
allel to the alignment rod.

The method may further comprise coupling a guide rod to
a second end of the alignment rod at a predetermined angle
and orientation and manipulating the alignment rod and the
guide rod until the guide rod 1s aligned with a long axis of
the patient.

Adjusting the inclination of the alignment rod relative to
the mount may comprise adjusting the inclination of the
alignment rod relative to the mount until a spirit level
coupled to the guide rod lies in a horizontal plane.

The method may further comprise locking the inclination
of the alignment rod relative to the mount.

The present mvention will now be described, by way of
example only, with reference to the accompanying drawings,
in which:

FI1G. 1 illustrates a surgical instrument alignment guide in
accordance with a first embodiment of the present invention;

FIGS. 2 to 4 illustrate the alignment guide of FIG. 1
turther including a version angle guide;

FI1G. 5 illustrates a surgical instrument alignment guide in
accordance with a second embodiment of the present inven-
tion; and

FIG. 6 1s an exploded view of the surgical instrument
alignment guide of FIG. 5.

Referring first to FIG. 1, this schematically illustrates an
alignment guide 1n accordance with a first embodiment of
the present invention. Portions of the alignment guide are
illustrated as being partially transparent in order to 1llustrate
underlying features. The alignment guide 1s suitable for use
during a surgical procedure for recording and preserving
alignment information for a prosthetic implant such as a
prosthetic acetabular cup. The alignment guide assists with
correctly aligning surgical instruments during the implanta-
tion procedure. Advantageously, this helps to reduce mis-
alignment of the implant and therefore helps to minimise
wear of the implant.

The alignment guide comprises a mount 2 which 1s
arranged to be coupled to a bone of a patient and an
alignment rod 4. The alignment rod 4 has a first end coupled
to the mount 2 such that the inclination of the alignment rod
4 relative to an axis 6 extending through the mount 2 is
adjustable.

Mount 2 comprises a bore 8 extending into the underside
of the mount 2. Bore 8 1s arranged to receive a guide pin
extending from a bone of a patient. For instance, when the
alignment guide 1s used to align an acetabular cup, the guide
pin 1s 1nserted into the patient’s pelvis spaced apart from the
implant location. The guide pin may in particular be a
Charnley pin. The guide pin 1s preferably not circular 1n
cross section, with bore 8 having a corresponding cross
section, such that the mount 2 does not rotate relative to the
guide pin. For instance, the guide pin may be generally
cylindrical with a laterally projecting tab. The bore 8
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includes a cut out 10 corresponding to the tab such that the
guide pin may only be received within the bore 8 1n a single
angular position. Advantageously, the alignment guide may
thus be removed from the guide pin and then replaced 1n the
same angular position. It will be appreciated by the appro-
priately skilled person that the mount may be temporarily
secured to the bone 1n other ways, for mstance using an
adhesive.

The first end of the alignment rod 4 comprises a partially
spherical portion 12. An upper surface of the mount 4
comprises a corresponding concave surface (not visible 1n
FIG. 1). The arrangement 1s such that alignment rod 4 can
pivot relative to the mount 2 about a pivot located at the
centre of the partially spherical portion 12. Mount axis 6
extends through the pivot point between the mount 2 and the
rod 4. The alignment rod 4 can be manipulated such that 1t
can pivot in any direction about the mount axis 6. The
inclination of the alignment rod 4 relative to the mount axis
6 1s indicated by angle x. The inclination may vary between
0° and 60°. A relatively large range of inclination 1s required
to ensure that regardless of the position of the mount 2 upon
the surface of the pelvis, and regardless of the surgical
approach used to expose the pelvis, the alignment rod 4 may
be positioned such that it extends parallel to a chosen
implantation axis for the acetabular cup.

Mount 2 1s generally cylindrical and further comprises an
exterior screw thread 14 located about mount axis 6. The
alignment guide further comprises a locking sleeve 16 which
fits over the partially spherical portion 12 and the mount 2.
The locking sleeve 16 comprises a narrowed aperture 18 at
a first end through which the alignment rod 4 extends. The
locking sleeve 16 further comprises an interior screw thread
20 which 1s arranged to mate with the exterior screw thread
14 on the mount 2. Tightening the locking sleeve 16 over the
mount 2 by rotating the locking sleeve 16 relative to the
mount 2 causes the edges of aperture 18 to bear against the
partial sphere 12, which 1n turn bears against the concave
mount surface, locking the inclination of the alignment rod
4 relative to the mount axis 6 and locking the direction 1n
which the alignment rod 4 extends from the mount 2.

The alignment guide of FIG. 1 may be used during a
surgical procedure to implant an acetabular cup to ensure
that the cup 1s implanted at a chosen inclination (varus-
valgus angle) and at a chosen version angle. The same
alignment guide may be used regardless of the surgical
approach used. A guide pin 1s inserted mto an exposed
portion of the patient’s pelvis such that 1t protrudes from the
bone. The guide pin may be positioned at any convenient
location spaced apart from the acetabulum such that the

alignment guide will not interfere with the preparation of the
acetabulum. "

The alignment gwmde 1s positioned over the
guide pin such that the pin i1s received within bore 8. If a
guide pin with a non-circular cross section 1s used then the
mount will only couple to the pin 1n a single angular
position, as described above.

The surgeon may then set the orientation of the alignment
rod 4 such that the alignment rod 4 extends parallel to a
required axis of the acetabular cup. This orientation of the
alignment rod 4 may be performed manually with reference
to the patient’s anatomy, that 1s by alignment to local
reference features of the pelvis. In particular, the orientation
of the alignment rod 4 may be determined relative to local
acetabular landmarks for the natural pelvis belfore they are
reamed away. Additionally, the inclination may be deter-
mined with reference to the natural joint before the femoral
head 1s dislocated. When the alignment rod 1s orientated in
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this way, the alignment can be considered to have been
performed with respect to the required local varus-valgus
and version angles.

Alternatively, the onientation of the alignment rod 4 may
be performed relative to global angles, that 1s with respect to
a global coordinate system based upon the patient’s long
axis and the horizontal plane. For such an alignment tech-
nique, it 1s desirable to ensure that the patient 1s accurately
positioned upon the operating table with the patient’s pelvis
correctly positioned in a predetermined orientation to ensure
that the global angles correspond to the local angles relative
to the pelvis. If the patient 1s correctly positioned upon the
operating table then onentating the alignment rod with
respect to the global varus-valgus and version angles can be
casier and more accurate and requires less of the pelvis to be
visible to the surgeon.

Once the required inclination has been determined, the
locking sleeve 16 1s tightened to secure the alignment rod 1n
position. During the preparation of the bone and the implan-
tation of the cup, the same alignment 1s preserved by
ensuring that the surgical istruments, and in particular the
cup introducer, are positioned parallel to or at a predeter-
mined angle with respect to the alignment rod 4. As the
inclination of the alignment rod 4 1s set relative to the guide
pin, the alignment guide may be temporarily removed dur-
ing portions of the surgical procedure and then later replaced
without losing reference to the imitial cup position. Further-
more, even 1f the patient moves upon the operating table, as
the alignment guide 1s directly coupled to the pelvis, the
required alignment 1s preserved.

Referring now to FIG. 2, this illustrates the alignment
guide of FIG. 1 further incorporating a slip on version angle
guide 22. The version angle guide 22 comprises a version
angle rod 24 and a spirit level 26. The version angle guide
22 couples to the free end of the alignment rod 4 via joint 28.
Joint 28 couples the version angle rod 24 to the alignment
rod at fixed angle and onientation. However, in accordance
with other embodiments of the present invention, the joint
28 may allow the angle and orientation to be varied, for
instance between discrete angular intervals.

The version angle guide 24 assists in orientating the
alignment rod 4 when the alignment 1s to be performed
relative to the global varus-valgus and version angles. Once
the patient 1s correctly positioned upon the operating table,
the guide pin 1s inserted into the patient’s pelvis and the
mount 2 secured to the guide pin as described above.
However, before locking sleeve 16 1s tightened, the slip on
version angle guide 22 1s coupled to the end of the alignment
rod 4. The version angle rod 24 and the alignment rod 4 may
then be manipulated together until the version angle rod 24
1s aligned with the patient’s long axis and lies within a
horizontal plane, as determined by the spirit level 26. The
spirit level 26 may comprise a bulls-eye spirit level, as
shown, for positioning the version angle rod 24 in the
horizontal plane. Alternatively, two linear spirit levels
extending along orthogonal axes may be provided to achieve
the same position of the version angle rod 24 within the
horizontal plane. As a further alternative, the spirit level 26
may be replaced with a plumb line or fixed rod to be aligned
with the a vertical axis to ensure that the version angle rod
24 lies 1n a horizontal plane.

As the version angle rod 24 1s coupled to the alignment
rod 4 at a known angle and orientation, and as the spirit level
26 1s securely fixed to the version angle rod 24, positioning
the alignment guide with respect to the horizontal plane and
the patient’s long axis 1n this way ensures that the alignment
rod 4 1s aligned parallel to the required implantation axis for
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the acetabular cup. Once the alignment rod 4 has been
correctly orientated, the locking sleeve 16 1s tightened to
secure the alignment rod 4 to the mount 2. The version angle
guide 22 may then be removed from the alignment guide, 1f
required, to provide more space for the surgeon to operate.

FIGS. 3 and 4 1llustrate the alignment guide with the slip
on version angle guide 22 of FIG. 2 1n a plan view and a side
view respectively. The version angle guide 22 allows the
surgeon to reference global angles prior to dislocation of the
hip, that 1s the surgeon 1s able to orientate the alignment rod
4 with respect to the patient’s long axis and a horizontal
plane 1 order to achieve the desired varus-valgus and
version angles. Advantageously, the surgeon has the best
knowledge of the patient’s orientation on the operating table
prior to dislocating the hip joint and so the alignment guide
may be adjusted more accurately.

FIG. 3 shows a plan view of the alignment guide. As
discussed above, the version angle rod 24 may be secured to
the alignment rod 4 at a fixed angle and orientation. How-
ever, 1n alternative embodiments of the present invention,
joint 28 may be adjustable to allow the surgeon to vary to
varus-valgus and version angles. As a further alternative, a
range of slip on version guides 22 at varying varus-valgus
and version angles may be provided. Angle v 1s the angle
subtended between the alignment rod 4 and the version
angle rod 24. Angle y 1s equal to the version angle when the
version angle rod 24 1s aligned with the patient’s long axis
and positioned in a horizontal plane. The version angle v
may equal 15°. Alternatively, the version angle may be
variable between 0° and 30°. FIG. 3 illustrates a slip on
version guide 22 for use 1n positioning an acetabular cup for
a left hip. It will be appreciated that in order to correctly
align an acetabular cup for a right hip, a mirror 1mage
version guide 22 must be used 1n which the version angle rod
24 1s rotated clockwise to form the same angle y with the
alignment rod 4. Alternatively, a single version angle guide
22 may be provided in which joint 28 is rotatable to allow
angle y to be mverted such that the same guide may be used
for left and right hips.

FIG. 4 shows a side view of the alignment guide. Angle
7 1s the angle subtended between the alignment rod 4 and the
version angle rod 24. Angle z 1s equal to the required
varus-valgus angle (1f the pelvis remains correctly posi-
tioned upon the operating table). Angle z may be fixed at 45°
or may be variable. Angle x 1s not directly related to the
varus-valgus angle or to the version angle as angle x 1s
dependent upon the orientation of the guide pin protruding
from the bone relative to the required acetabular cup 1implan-
tation axis.

Referring now to FIG. 5, this illustrates an alignment
guide 1 accordance with a second embodiment of the
present invention. Portions of the alignment guide of FIG. 5
that are equivalent to the alignment guide of FIG. 1 are
indicated by the same reference numbers. The alignment
guide of FIG. 5 may be used 1n combination with the same
version angle guide 22 shown 1n FIGS. 2 to 4. The alignment
guide of FIG. 5 differs from that of FIG. 1 in the coupling
between the mount 2 and the alignment rod 4, and also 1n the
locking mechamism. Specifically, a locking sleeve 30 1is
provided positioned about the alignment rod 4 instead of
around the mount 2, which allows the alignment guide to be
positioned and locked using a single hand. This allows the
surgeon to have a free hand to control another surgical
instrument.

FIG. 6 1s an exploded view of the alignment guide of FIG.
5, which better illustrates the coupling and locking mecha-
nisms. Mount 2 1s coupled to the alignment rod 4 via an
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intermediate component 32. Intermediate component 32 1s
connected to the alignment rod 4 via a hinge 34. Interme-
diate component 32 further comprises a circular base plate
36 which 1s received within a corresponding circular socket
within the mount 2 (not visible 1n FIG. 6). The intermediate
component 32 may therefore rotate relative to the mount 2.
This rotary movement, in combination with the hinged
connection to the alignment rod 4, provides the same range
of movement as for the partially spherical portion 12 and
concave mount surface for the alignment gmde of FIG. 1.

The mtermediate component 32 1s secured to the mount 2
by a locking sleeve 38 which includes a bore 40 to receive
the intermediate component 32, which can rotate within bore
40. Bore 40 incorporates an internal thread which mates with
an external thread provided upon mount 2 to couple the
mount 2 and the locking sleeve 38 together. A further sleeve
42 15 seated over the locking sleeve 38. Sleeve 42 1incorpo-
rates a slot 44 through which the alignment rod 4 extends
and pivots. Sleeve 42 1s arranged to rotate with the inter-
mediate component 32 such that slot 44 remains aligned
with the plane within which the alignment rod 4 pivots.

The locking mechamism for the alignment guide of FIGS.
5 and 6 comprises a locking sleeve 30 and a washer 46.
Locking sleeve 30 incorporates an internal thread which
mates with external thread 48 provided on alignment rod 4.
Rotating locking sleeve 30 about the alignment rod 4 causes
the washer 46 to bear against sleeve 42 and prevents
alignment rod 4 from pivoting through slot 44. Furthermore,
sleeve 42 1n turn bears against locking sleeve 38 preventing
relative movement between the two sleeves, and hence
preventing the alignment rod 4 from rotating relative to
mount 4.

In alternative embodiments of the present invention, in
place of the version angle guide 22 incorporating a version
angle rod 24, a laser pointer may be coupled to the alignment
rod at a predetermined angle and orientation such that a
beam of light may be projected and aligned with the
patient’s long axis.

Embodiments of the present invention have been
described above primarily with reference to using the align-
ment guide during a surgical procedure to implant an
acetabular cup. However, the present invention 1s not limited
to this application of the alignment guide. The alignment
guide may be coupled to any bone in order to preserve
alignment information. For instance, the alignment guide
may be coupled to the scapula during surgery upon the
shoulder joint.

Further modifications to, and applications of, the present
invention will be readily apparent to the skilled person from
the teaching herein, without departing from the scope of the
appended claims.
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The invention claimed 1s:

1. A method of aligning a surgical instrument, the method
comprising the steps of:

inserting a guide pin 1to a bone of a patient such that the
guide pin protrudes from the bone;

coupling a surgical mnstrument alignment guide to the
guide pin, the alignment guide comprising a mount
having a bore arranged to receive the protruding por-
tion of the guide pin and an alignment rod having a first
end pivotally coupled to the mount;

coupling a guide rod to a second end of the alignment rod
such that the guide rod extends transverse to the alignment
rod;

adjusting the inclination and orientation of the alignment
rod relative to the mount until the alignment rod
extends from the bone such that the alignment rod
indicates a desired instrument orientation relative to the
bone, the guide rod extends at a predetermined angle
relative to a long axis of the patient, and an indicator
coupled to the guide rod indicates that the guide rod lies
at a desired angle relative to a horizontal axis; and

aligning a surgical instrument such that a longitudinal
instrument axis 1s parallel to the alignment rod.

2. The method of claim 1, wherein the step of adjusting
the inclination and orientation of the alignment rod relative
to the mount comprises adjusting the alignment rod relative
to the mount until the indicator indicates that guide rod lies
in a horizontal plane.

3. The method of claim 1, further comprising the step of
locking the alignment rod relative to the mount.

4. The method of claim 1, wherein the step of locking the
alignment rod includes using a locking sleeve disposed
about the mount, the locking sleeve having an internal screw
thread arranged to mate with an exterior screw thread on the
surface of the mount, the locking sleeve having an aperture
through which the alignment rod extends, the aperture
having a diameter smaller than that of the partially spherical
portion such that the partially spherical portion 1s arranged
to bear against the concave surface of the mount when the
locking sleeve 1s rotated in a first direction relative to the
mount.

5. The method of claim 1, wherein the alignment rod 1s
pivotable between 0° and 60°.

6. The method of claim 1, wherein the indicator comprises
a spirit level coupled to the guide rod to indicate when the
guide rod lies in a horizontal plane.
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